We report on the surface interaction between NH 3 and WO 3 nanoparticles having different exposed surfaces or different porous structure, to identify the relative importance of exposed crystal surfaces, porous architecture, and specific surface area in the oxide sensing properties. WO 3 nanocrystals with tailored morphology and definite prominent surfaces were synthesized by hydrothermal reactions. In parallel, inverted opal macroporous WO 3 films have been prepared by a one-step sol-gel procedure, and WO 3 hierarchical layers have been obtained by an innovative one-step dual-templating strategy which leads to macropores and mesopores simultaneously. The performances of WO 3 samples in NH 3 sensing, indicate that high-energy surfaces result in a significant improvement of the electrical response.
Introduction
The detection and monitoring of gases by solid state sensors play an important role in the control of chemical processes, environmental monitoring and personal safety. [1] [2] [3] [4] [5] Metal oxides have been extensively employed as gas sensing materials due to their low cost and high compatibility with microelectronic processing. [1] [2] [3] [4] [5] [6] [7] [8] [9] Among semiconductor metal-oxides, WO 3 is considered as one of the most promising materials for toxic gas detection, 10, 11 in particular for ammonia detection.
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Extensive scientic and engineering research is still active in this eld, focused on enhancing the electrical response and optimizing the response rate, the gas selectivity and long-term stability. 14, 15 To fulll all these objectives a deeper knowledge of the WO 3 sensing mechanism is necessary.
The sensing properties of semiconductor oxides are in general determined by the redox interaction of the gas molecules with the surface.
1-3 A very effective charge transfer is provided by the nanometric oxide particles, with a size comparable to the thickness of the space-charge region. 16, 17 High interconnectivity between the particles facilitates electron mobility. 18, 19 Moreover high surface area favors the gas-oxide interaction 18, 20 and, in particular, meso and macroporous structures signicantly improve gas diffusion throughout the layer and consequently the sensing performance. 20, 21 The sensor response can signicantly be enhanced by noble metals centres, e.g. Cr and Pt, homogeneously dispersed into the oxide matrix, which catalyze the electron transfer between gas molecules and the semiconductor. [22] [23] [24] In this context, using an innovative one-step sol-gel procedure, we recently prepared macroporous undoped and Cr-or Pt-doped WO 3 inverted opal lms to be employed as NH 3 sensor materials. 21 The WO 3 semiconductor layers revealed considerable electrical response upon exposure to NH 3 , even at relatively low operating temperatures, showing a much higher sensitivity than the mesoporous layers. Such a behavior was attributed to the capability of the macroporous architecture in promoting the effective gas diffusion within the entire sensing layer, leading to higher sensitivity than that of conventional sol-gel lms with identical composition. 21 Recently, several studies have demonstrated that the electrical response and the selectivity of nanostructured metaloxide gas sensors are signicantly affected by the shape of the nanocrystals and specically by their exposed crystal surfaces. 10, 20, 25, 26 In this perspective, efforts have been devoted to the development of morphology controlled semiconductor oxides with specic exposed crystal surfaces. 20, [25] [26] [27] For instance, Han et al. 26 demonstrated that shape controlled WO 3 nanocrystals with highly exposed {020} facets exhibit higher sensitivity towards 1-butylamine compared to nanoparticles with other prominent facets. The differences in the gas sensing capability were attributed to the presence of coordinatively unsaturated cations on the {020} surfaces, i.e. ve and four-fold coordinated W ions, which could effectively chemisorb both oxygen species (e.g. O 2À , O À , O 2 À c) and the target gases.
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Although not referring to the gas-sensing, Liu et al. 27 indicated that the surface energy of crystal faces in shape controlled WO 3 nanocrystals with monoclinic crystal structure follows the order {002} (1.56 J m À2 ) > {020} (1.54 J m À2 ) > {200} (1.43 J m
À2
) and suggested that {002} and {020} are the most active in surfacemediated reactions.
From this background, it is evident that the porous structure, the specic surface area and the exposed crystal surfaces can dramatically inuence the sensing properties of WO 3 nanocrystals. Thus, in our opinion, the comparison among the sensing behavior of WO 3 nanoparticles with different morphology (i.e. specic shape and exposed surfaces) or with different meso/macroporous structure may help to evaluate the relative contributions of the oxide facets, of the porous architecture and of the specic surface area to the gas sensing properties.
In order to investigate the effect of the crystal facets on the sensing response, WO 3 nanocrystals with tailored morphology and denite prominent surfaces were synthesized by previously reported hydrothermal reactions [28] [29] [30] and used to produce lms. In parallel, to study the inuence of the porous structure and of the surface area, we prepared macroporous WO 3 inverted opal lms according to the above mentioned one-step procedure 21 and hierarchical tungsten oxide layers by an innovative one-step dual-templating (block copolymer Pluronic P123 and colloidal PMMA microspheres) strategy which guarantees the simultaneous presence of macropores and mesopores.
The sensing performances of the samples toward NH 3 were compared in order to suggest a rationale for the relative importance of the crystal facets and of the porous structure in determining the sensing properties. Moreover, to gain deeper insight into the role played by the exposed surfaces at the electronic level in the sensing mechanism, a comprehensive XPS investigation on shape controlled WO 3 nanocrystals was performed. To the best of our knowledge, this study represents the rst investigation on the crystal surface involvement in the ammonia sensing mechanism and may shed some light on how the crystal facet engineering can help to design more efficient WO 3 Preparation of precursor suspension for WO 3 macro/mesoporous lms (dual templating strategy, WO 3 -DP). In a typical preparation, the copolymer Pluronic P123 (1 g) was dissolved in ethanol (10 mL) under magnetic stirring. Then 0.2500 g of (NH 4 ) 6 H 2 W 12 O 40 and 1 mL of PMMA microspheres were added to this solution. The mixture obtained was stirred at room temperature for several minutes until a homogeneous suspension was obtained. The presence of the block copolymer, is expected to lead to the formation of a structure which contains both macropores derived from the PMMA and mesopores generated by the folding of the polymeric chains of P123.
Film deposition. WO 3 -IO lms were prepared by the one-pot procedure 21 using the dip-coating method. Suprasil quartz slides were used as the substrates.
WO 3 -DP lms were obtained by a modication of the onestep procedure. In a typical deposition, the substrate was settled vertically into the WO 3 sol phase for several minutes and then withdrawn at the constant rate of 0.8 cm min À1 .
Aer deposition the lm was dried in air for about 10 min at 60 C. The above cycle was repeated ve times; then the lms were annealed at 450 C (heating rate 2 C min À1 ) in air stream (80 cm 3 min À1 ) for 5 h to fully decompose the organic remnants.
The scheme of the one-step deposition of the macro/ mesoporous WO 3 lms is reported in Fig. 1 . A similar scheme has been reported for the deposition of WO 3 inverse opal lms.
Structural and morphological characterization
The preparation of morphology X-ray diffraction (XRD) analysis was performed on WO 3 powdered samples. XRD patterns were collected with a Bruker D8 Advance (Cu Ka radiation) in the range 10-50 2q (2q step 0.025 , count time of 2 s per step). Specic surface area (SSA) by BET method, 32 desorption cumulative pore volume (DCPV) and pore size distribution of micro-and mesopores (<50 nm) by BJH method 33 were measured by nitrogen physisorption using Quantachrome Autosorb-1 apparatus. The nanopowders were evacuated at 200 C for 16 h before the analysis.
Scanning electron microscopy (SEM) measurements of the lms were performed by a Vega TS5136 XM Tescan microscope in a high-vacuum conguration. The electron beam excitation was 30 kV at a beam current of 25 pA, and the working distance was 12 mm. In this conguration the beam spot was 38 nm. Prior to SEM analysis, samples were gold-sputtered.
High-resolution transmission electron microscopy (HRTEM) and electron diffraction (ED) were performed using a Jeol 3010 apparatus operated at 300 kV with a high-resolution pole piece (0.17 nm point-to-point resolution) and equipped with a Gatan slow-scan 794 CCD camera. Samples were obtained by removing a lm portion from the substrates in order to obtain a ne powder sample, then suspended by sonication in 2-propanol. A 5 mL drop of this suspension was deposited on a holey carbon lm supported on a 3 mm copper grid for TEM investigation.
Since the shape of WO 3 -RE, WO 3 -SS and WO 3 -RS nanocrystals resembles that of a rectangular parallelepiped, the percentage of their exposed {020} and {002} surfaces was calculated using as geometrical model a rectangular parallelepiped with length l, width w and thickness t (Fig. 2) . The average values of l, w and t were evaluated by measuring the sizes of $100 particles in SEM images and their values were inserted in the following equations: Fig. 1 Scheme of WO 3 macro/mesoporous films preparation by the one-step dual templating strategy.
Electrical measurements
Suprasil quartz slides were equipped, before lm deposition, with two gold current collectors (20 mm) by the dc sputtering technique. The samples were then placed in a quartz chamber sited in an oven, and the measurements were performed at temperatures ranging from 200 to 325 C. The electrical resistance was measured by a programmable electrometer controlled by a PC. To dynamically simulate environmental conditions in a controlled and reproducible way, a system based on volumetric gas mixing through mass ow controllers and certied bottles was used. The sensing element was initially equilibrated in dry air (H 2 O < 3 ppm, THC < 0.1 ppm) ow (100 mL min À1 ) at the selected temperature, then NH 3 (range 9.25-74 ppm)-air mixture was introduced (100 mL min À1 ) up to equilibrium conditions. The different gas mixtures were obtained by dilution of the starting NH 3 (74 ppm)-air mixture using mass ow controllers. The initial resistance conditions of the lm were restored by air equilibration, before again introducing the next NH 3 -air mixture. The electrical response (S ¼ R AIR /R MIX ) is dened as the ratio between the lm resistance under owing air (R AIR ) and under owing NH 3 -air mixture (R MIX ), respectively. All the produced sensors (at least two for each material) were actively working and the response reproducibility (obtained by at least six pulses) was evaluated to be AE13%.
XPS investigation
X-ray photoelectron analysis was performed on WO 3 Samples were transferred into the fast entry lock system of the XPS vacuum chamber without ambient exposure in order to avoid surface modication or atmospheric contamination. The analysis was performed with a Perkin-Elmer F 5600-ci spectrometer using non-monochromatized Al-Ka radiation (1486.6 eV). The examined sample area was 800 mm in diameter and the working pressure lower than 10 À9 mbar. The spec- 
The BE shis were corrected by assigning a value of 284.8 eV to the C1s peak associated with adventitious hydrocarbons. 34 The analysis involved Shirley-type background subtraction, non-linear least-squares curve tting, adopting Gaussian-Lorentzian peak shapes and peak area determination by integration. The atomic compositions were evaluated from peak areas using sensitivity factors supplied by Perkin-Elmer, taking into account the geometric conguration of the apparatus. Compositional data were averaged over three spots on each sample. The experimental uncertainty on the reported atomic composition values does not exceed AE5%.
Results and discussion
Structural and morphological characterization XRD and BET analyses were carried out on WO 3 powdered samples, as lm characterization can be hardly performed with high accuracy (see Experimental section).
The XRD patterns of the different WO 3 nanocrystals are shown in Fig. 3 . The diffraction peaks were assigned to monoclinic WO 3 (JCPDS card no. 43-1035). No secondary phases were detected.
The sharpness of the diffraction pattern observed for the WO 3 -RS and WO 3 -SS suggests the presence of nanocrystals with large average dimensions and good crystallinity. Conversely, the broadness of the peaks in WO 3 -RE, WO 3 -IO and WO 3 -DP is indicative of nanocrystals with smaller size.
Nitrogen physisorption experiments were performed on all the synthesized WO 3 nanocrystals. Samples are mesoporous Fig. 2 Geometrical model of WO 3 -RE, WO 3 -SS and WO 3 -RS nanocrystals with the same exposed faces and shape resembling that of a rectangular parallelepiped with rectangular or square basis. Paperand show a type IV Brunauer isotherm. As an example, the adsorption-desorption isotherms and the corresponding monomodal pore-size distribution of WO 3 -DP nanoparticles are shown in Fig. 4 . According to the t-plot, no micropores were detected. In particular, the isotherm obtained for WO 3 -DP nanoparticles shows a H2 hysteresis loop which is typical of materials with complex structure containing interconnected network of pores having different sizes and shapes. This is in agreement with the broader pore size distribution (between 2 and 15 nm) and the disordered porous architecture of the sample (see SEM investigation).
The specic surface areas (SSA BET ) and BJH pore volumes (DCPV) of different WO 3 nanoparticles are reported in Table 1 . Using the percentage of the mainly exposed {020}, and {002} crystal faces, their relative SSA BET were also calculated. Fig. 5 summarizes the results of SEM investigation performed on WO 3 nanoparticles with tailored morphology and porous architecture. The WO 3 -RE sample is constituted by very homogeneous rectangular nanoparticles (Fig. 5a ) with average length of 300-350 nm, average width of 200-260 nm and thickness of about 100-150 nm.
Square like WO 3 platelets (WO 3 -SS sample, Fig. 5b ) appear very regular in shape and size, with edge of 430 nm and thickness of about 100-150 nm. WO 3 -RS (Fig. 5c ) shows instead nanoparticles with smaller dimensions and broader size distribution (average length of 150-250 nm, average width of 100-200 nm and thickness of about 50-100 nm). According to the literature [28] [29] [30] and as depicted in the inset schematic models, the WO 3 nanocrystals have two {002} surfaces (top and bottom), and lateral {020} and {200} surfaces.
Based on SEM analysis, average l, w and t values were calculated, which correspond to the sides of the {020} and of {002} faces of WO 3 -RE, WO 3 -SS and WO 3 -RS nanocrystals. The percentages of exposed {020} and {002} crystal facets for WO 3 -RE, WO 3 -SS and WO 3 -RS were calculated according to eqn (1) and (2), and reported in Table 1 . These percentages were multiplied for the total the specic surface area of the nanocrystals in order to obtain the relative surface area of {020} and {002}. According to these calculations we can infer that WO 3 -RE particles present a surface area of {020} and {002} faces higher than WO 3 -SS and WO 3 -RS nanocrystals.
SEM images of WO 3 -IO highlighted the formation of the inverted opal structure (Fig. 5d) . 21 No pore occlusions were detectable and lms with extensive homogeneity were obtained. The macropore size measured from the distance between the centers of two neighboring hollow spheres resulted in 300 AE 5 nm, a value lower than the parent PMMA diameter (450 AE 5 nm), due to both the shrinkage of PMMA above the glass transition temperature and the sintering of WO 3 . Fig. 5e and f shows a typical SEM micrograph obtained for WO 3 -DP lms. A disordered porous architecture with large macropores (above 1 mm) and highly interconnected nanocrystals having small mesopores among them was observed (see TEM investigation). The formation of such a complex structure can be ascribed to the use of two different template agents in alcoholic medium with low water content. In the early stage of the reaction the solution containing the block copolymer Pluronic P123 and ammonium metatungstate rst lls up the interstices of the PMMA array. Then, upon drying or solvent evaporation, the interaction of the polar heads and of the ether functions of PEO or PPO blocks with the W 6+ centers occurs.
The complexation of the metal centers by the PEO and the PPO functional blocks alters the micellization behavior of the copolymer, preventing its folding. This effect yields to the Fig. 4 Adsorption-desorption isotherm at liquid nitrogen temperature for: WO 3 -DP nanocrystals. The curve corresponds to a type IV isotherm with capillary condensation in the mesopores. Inset: poresize distribution. generation of wormlike disordered mesophases, which may interact with the PMMA microsphere surfaces leading to the formation of meso/macroporous materials with an ill-dened architecture.
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To better investigate the morphological features of WO 3 -IO and WO 3 -DP nanocrystals, TEM and HRTEM images were collected (Fig. 6) . No amorphous surface layers were detectable. WO 3 inverse opal (WO 3 -IO) consists of irregular shaped large nanocrystals (average length > 50 nm) grown around the template spheres (Fig. 6a-c) . A representative HRTEM image of a portion of WO 3 nanocrystal is shown in Fig. 6d . The gure inset evidences that the lattice fringes of the nanocrystal have a spacing of 3.74Å, which reasonably matches the interplanar distance of the {020} surface of the monoclinic tungsten trioxide (ICDD 71-0131) . 21 TEM images of WO 3 -DP lms reveal that WO 3 aggregates are constituted of irregularly shaped interconnected nanocrystals ( Fig. 6e and f) with a broad size distribution ranging from 15 to 50 nm, when the statistics is applied to Paperabout 100 particles. No amorphous phases and internal defects or pores were detectable. Higher magnication reveals that WO 3 nanoparticles (Fig. 6g and h ) are separated by small mesopores with dimensions ranging between 5 and 20 nm, in good agreement with the results obtained by nitrogen physisorption. Due to the uneven morphology of the nanocrystals, it is difficult to clearly discriminate the presence of specic crystallographic planes. However, the HRTEM image shows in several nanoparticles (Fig. 6h ) lattice fringes with a spacing of 3.66Å, which matches the interplanar distance of the {200} plane of the monoclinic WO 3 .
Electrical measurements
In some our previous papers [21] [22] [23] [24] specic reactions and species located at the solid-gas interface were associated with the WO 3 electrical response to ammonia. In particular, we suggested that ammonia molecules chemisorb on both Lewis and Brønsted acidic sites at the WO 3 surface (reactions (3) and (4)). If not simply desorbed, NH 3 can undergo dehydrogenation, mainly through the capture of hydrogen atoms by the oxygen lattice centers (O O ), forming hydroxyl groups. This process, see reactions (5), generates NH 3Àn nÀ species (n ¼ 1, 2, 3) which can interact with other NH 3Àn nÀ species leading to the formation of molecular nitrogen by reaction (6) . Otherwise, they can react with an oxygen center to form nitrogen monoxide, reaction (7), being this the favored path in an oxygen-containing atmosphere. Finally, NH 3Àn nÀ species may reduce NO to N 2 O by reaction (8) .
The whole process is described as follows:
All these electron donor processes increase the WO 3 conductance by injecting electrons to the conduction band.
In the present paper, to check the sensing properties of the obtained materials, WO 3 nanocrystals were homogeneously drop-casted onto Suprasil quartz slides to obtain lms for the sensing measurements. Fig. 7a shows the SEM image of the deposited WO 3 -RE nanocrystals where it is evident that, although the increased agglomeration the nanocrystals retain their initial morphology.
The resistance of WO 3 lms decreases under NH 3 while it increases under air, thus conrming the n-type semiconductor behavior. Moreover, the response of the sensing layers becomes higher as the ammonia concentration becomes higher (Fig. 7b) . The electrical responses (S ¼ R AIR /R MIX ) were taken at different temperatures (200-325 C) and for different NH 3 concentrations (9.25-74 ppm) in dry air. an increase of the sensitivity with the temperature is expected due to the increase of the surface reaction rate, the electrical response decreases at higher temperatures. This behavior is relatable to the formation of NO on WO 3 -RE sample (see XPS investigation), (reaction (7)) which easily transforms into NO 2 and acts as oxidizing agent, leading to a sensitivity decrease. The formation of NO raises with the operating temperature, thus the oxidizing effect becomes prevalent at high temperatures.
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Instead in the case of WO 3 -SS and WO 3 -RS nanocrystals the electrical responses between 200 and 260 C are much lower than those of WO 3 -RE nanocrystals (see Table 1 ) and increase with the increase of the temperature (Fig. 8a ). This trend is relatable to the low amount of NO derived from the NH 3 oxidation on WO 3 -SS and WO 3 -RS (see XPS investigation) which generates a sensitivity trend increasing with the operating temperature.
As the sensing properties are presumably not only affected by the structure of the exposed crystal surfaces [18] [19] [20] [21] [22] [23] [24] but also by their surface area, the electrical responses of shape controlled nanocrystals under NH 3 (74 ppm)-air at 225
C were plotted against their total SSA BET and the area of their high-energy {020} and {002} exposed crystal faces (Fig. 8b) . The performances of the WO 3 nanocrystals improve as either the total surface area or the area of their high energy facets increase. This indicates that the sensing properties of shape controlled WO 3 nanocrystals are attributable either to the exposition of high-energy surfaces or to their specic surface area.
Hence, in order to understand the relative contributions of the porous structure, of the specic surface area and of the exposed crystal facets to the sensing properties, the electrical behaviors of WO 3 inverted opal (WO 3 -IO) and of the WO 3 hierarchical structures (WO 3 -DP) were evaluated and compared to those of shape controlled nanocrystals (Fig. 8c) . Notwithstanding the low specic surface area, the WO 3 -IO macroporous lm shows good sensing performance, similar or slightly lower than that observed for WO 3 -RE nanocrystals, which have both high specic surface area and high SSA BET of {020} facets. Unexpectedly, the meso/macroporous WO 3 -DP layer with enhanced porous structure and much higher surface area, displays the worst electrical response (see Table 1 ).
The sensing performance of these two samples can be explained referring to their morphological features as revealed by the TEM/HRTEM investigation. The WO 3 -IO ( Fig. 6c and d ) macroporous structure is constituted by large nanocrystals, where high-energy {020} surfaces are easily detected. On the contrary, in WO 3 -DP sample the enhanced porosity, which in principle should favor the rapid and effective gas diffusion within the entire sensing layer, is instead accompanied by a disordered surface structure, and only the low-energy {200} crystal faces are noticeable.
These results suggest that the presence of high-energy faces is a fundamental requirement to upgrade the sensing properties of the WO 3 layers. Their synergistic combination of an enhanced porous structure with a targeted crystal faceting appears to be effective for developing highly sensitive WO 3 sensors. This explains the high electrical responses of WO 3 -RE nanocrystals (Fig. 8) which, besides the high SSA BET , greatly expose the {020} and {002} surfaces.
XPS investigation
In order to investigate the surface species which promote the ammonia oxidation (i.e. reactions (5)- (8) In addition to these elements, tiny amounts of nitrogen (2-6% at.) were also found for the WO 3 samples of the ammonia series. No other species were detected. In all the WO 3 samples, the W4f level is characterized by a sharp doublet having a peakto-peak separation of ca. 2.0 eV. The binding energy (BE) of the W4f 7/2 peak is constant to 35.9 eV, which is the typical value expected for tungsten trioxide. 37 The BE pertaining to the O1s lines agrees well with observations for the WO 3 oxygen signal, which is peaked at 530.5 eV. The N1s bandshape is broad owing to the presence of nitrogen species in different chemical environments (Fig. 9) . Deconvolution of this peak allows to determine the corresponding BEs values We obtained three bands centered at 399.0 eV, 400.2 eV and 402.0 eV, within experimental uncertainty. Such values account for ammonia nitrogen atoms, surface adsorbed N-H groups, and oxidized nitrogen species, respectively.
We observed that the relative amount of the different components is dependent on the WO 3 characteristics (Table 2 and Fig. 10 ).
On the WO 3 surface of rectangular (WO 3 -RE) nanocrystallites, oxidized nitrogen atoms represent the prevailing species, whereas N-H groups dominate in the case of rectangular platelets (WO 3 -SS) and square platelets (WO 3 -RS) samples. Moreover, although the intensity of the N1s region is low because of the tiny amount of nitrogen on the oxide surfaces, we estimated that the surface N/W atomic ratio on rectangular and square WO 3 platelets (SS and RS samples) is comparable ($0.1) and signicantly lower than for the rectangular WO 3 (RE sample) nanocrystallites endowed with the more efficient sensing behavior (N/W $ 0.3).
These results suggest that on WO 3 -RE nanocrystals with prominent high energy {020} and {002} facets the transformation of ammonia into NO species (reaction (8)) easily takes place. Subsequently NO can be easily transformed into NO 2 which acts as oxidizing agent and increases the layer resistance. The NO 2 oxidizing effect is prevalent at high temperature and justies the descending trend of the electrical response for these samples.
Conversely, in WO 3 -SS and WO 3 -RS samples with very low SSA BET of {020} and {002} facets the prevalence of hydrogen-rich nitrogen surface species indicates that ammonia conversion is blocked at the early stages of the reaction path (i.e. reaction (6) ).
Based on the above considerations, it can be inferred that the high-energy {020} and {002} crystal facets can be really considered as privileged reactive sites for ammonia oxidation and ultimately drive the sensing properties of the WO 3 layers.
Conclusions
In the present study the sensing behavior towards NH 3 of WO 3 nanoparticles with specic shape and exposed surfaces, or with different meso/macroporous structure were explored and related to their morphological features, in order to evaluate the relative contributions of the oxide facets, of the porous architecture and of the specic surface area to the sensing properties. The results suggest an enhanced porous architecture and a high surface alone are not enough to guarantee a high electrical response, while the presence of {020} and {002} high-energy surfaces appears essential for an enhancement of the electrical response of the WO 3 layers. XPS investigation, performed on shape controlled WO 3 nanocrystals, allowed to better clarify the role played by these surfaces at the electronic level in the sensing mechanism and conrm the mechanism itself. It turned out that, upon interaction with NH 3 , oxidized nitrogen atoms represent the prevailing species on the surface of rectangular (WO 3 -RE) nanocrystals with highly exposed high-energy {020} and {002} facets, whereas N-H groups dominate in the case of rectangular platelets (WO 3 -SS) and square platelets (WO 3 -RS) samples with very low SSA BET of these surfaces. This indicates that high energy {020} and {002} facets represent privileged reactive sites for the ammonia oxidation and ultimately drive the sensing properties of the WO 3 layers. The overall results support the idea that a cooperative interaction among highly porous structure, high surface area and targeted crystal faceting may lay the groundwork for the development of highly active WO 3 ammonia sensors.
